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Background 
Energy conservation has become crucial for both the industrial and the residential areas for 
several reasons. “About one-third of the energy used in the United States in 2006 went to 
industry. That’s not so surprising when you consider everything that falls under this economic 
sector. Every product we rely on—from aluminum cans to fertilizer to glass to paper products—
takes energy to produce. The use of energy in industry affects every single citizen personally 
through the cost of goods and services, the quality of manufactured products, the strength of 
the economy, and the availability of jobs.”[15] In the industrial sector, conservation of energy is 
a matter of staying competitive against other companies. Enormous monetary savings can 
emerge from conservation of energy. In addition, energy prices are linked to foreign sources. 
For that reason, controlling and minimizing energy consumption can reduce the risk of being hit 
by an unpredictable increase of energy price. Also, environmental impact has also been 
increasing in the past years. Improving energy efficiency is the most effective way to limit the 
impact to the environment. For these reasons, and for numerous others, companies and 
industries in the United States have been working to control the amount of their energy 
consumption. 
Industrial energy benchmarking has become very important since the industrial sector, 
compared with the residential, commercial, and transportation sector, has been the largest 
energy consumer in history. For each company in the United States it is important to know how 
well they are doing compared to other similar facilities. Several tools are used by these 
companies to measure their performance. These tools have been helping to improve industrial 
energy consumption, lowering the amounts of energy used at the beginning of the 21st century. 
It is also important to understand that the other sectors mentioned have increased their energy 
consumption, instead of trying to minimize it, but this paper is focused solely on the analysis of 
the industrial sector, and the tools used by this sector to minimize their consumption. [1] 
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Graph 1 Primary Energy Consumption by Source.[2] 
Energy Consumption 
In history, United States energy consumption has been increasing. In 1950, according to the 
U.S. Energy Information Administration (EIA), the total energy consumption was 34.615768 
quadrillion Btus. In contrast, in 2014, the United States consumed around 98.459794 quadrillion 
Btus of energy throughout the year. The main sources used to produce energy are coal, natural 
gas, petroleum, nuclear power, and now, in modern times, the production of alternative 
renewable energy has been increasing.  During the same year, the industry sector’s total 
consumption of energy was 31307.706 trillion Btus. This represents the 32% of the total energy 
consumed. [2]  
An overview of the primary consumption, production, and trade of energy will provide a better 
understanding of the current energy situation that the United States is going through. It would 
be rational to think that in order to supply the consumption of energy in all the different 
sectors, the production has to be larger than the consumption. This is not the case in many 
countries in the world, including the United States. According to the EIA, 1957 was the last year 
the production of energy was larger than the consumption.  As a matter of fact, it was during 
that time when the United Stated started importing more energy than the one that was being 
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exported. This is somewhat obvious, given that the country had to find a way to supply the 
demand of energy. 2005, in my opinion, was an important year in terms of the energy situation 
in the country, because the difference between the produced and imported energy was smaller 
than the total consumed and exported energy.  
As stated on the EIA website, the United States consumed about 0.55 quadrillion Btu’s more 
than it was supposed to. It is important to stress that this did not mean a major economic loss, 
such as the one that occurred during the energy crisis in the 1970s, since aggregate indicators 
of total energy production and consumption do not adequately reflect the complexity of the 
price variations of oil, natural gas, and the different energy sources. In this paper, I will analyze 
the industrial sector consumption of energy by each individual source of production. Table 1 
gives the general information about the total consumption of energy from 1950 to 2013 in the 
United States.  [6] It is possible to see that the industrial consumption has been increasing until 
2000. Then, in 2005, a drop in the consumptions occurred, as previously stated. In addition, it is 
very important to highlight that the industrial sector is the one that consumes the most energy 
in the United States.  
Table 1 U.S. Energy Consumption, 1950 – 2013 [8] 
Maldonado 5 
 
 
As the largest energy consumer in the country, the industrial sector has been supplying its 
demand of energy mainly from two sources in the past years. Around the 50s, coal was the 
major source, but today petroleum and natural gas are, by far, the major energy sources for the 
industry in the United States.  Graph 2 represents the amount of energy by source consumed by 
the industrial sector until July of this year. It is clear that natural gas and petroleum individually 
provide as much energy as the rest of the sources combined to the United States’ industry. 
 
Natural Gas 
Natural gas consumption has been increasing significantly throughout the years. Since the end 
of the 1950s, when coal stopped being the industrial sector’s most-used source of energy, 
natural gas and petroleum became the leading sources. Since it is the most used energy source 
by the industrial sector today, it makes sense to start analyzing its consumption, as well as the 
reasons why it is one of the industrial sector’s preferences. According to Ratner and Glover in 
their report for the Congressional Research Center, the United States consumed about 26.04 
trillion cubic feet of natural gas in 2013. The industrial sector represented 34.1% of the total 
Percentage of consumption 
Graph 2 Industrial Sector Energy Consumption by Major Source until July 2015 [9] 
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consumption, making it the sector with the largest percentage of natural gas consumption.  It is 
important to notice that in 1950s, the industrial sector’s consumption of natural gas 
represented more than 50% of the total consumption. [8] 
In the past decade, the electric power sector started consuming more natural gas. In 2012, as a 
matter of fact, this sector consumed a larger percentage than the industrial sector, in terms of 
total natural gas consumption. Lately, however, the consumption of natural gas by the electric 
power sector started falling, while the industrial sector’s use continued to rise.  Graph 3 
represents the consumption in billion cubic feet (Bcf/d), and it is possible to see that, until 
November, the natural gas consumed each month in 2013 is larger than the amount consumed 
each month in 2012. Around 2011, all the industrial facilities with the ability to change from oil 
to natural gas decided to do so. The main reason was because “at that time natural gas prices in 
the United States, relative to those in Japan and Europe have made U.S. energy-intensive 
industries more competitive globally, allowing them to capture a larger share of global 
markets.” [10] In 2014, an increase of natural gas occurred, but did not have a major effect, 
since it dropped very quickly once again. In 2015, according to the Henry Hub natural gas 
pricing, the price of natural gas in the United States started at USD2.99 per million Btus, and fell 
from there. During the month of October and November, the price fluctuated between 
USD2.18 – 2.50 per million Btu. Graph 4 gives a better graphic representation of the natural gas 
price history for the past 16 years in the United States. In conclusion, the main reason the 
largest source of energy in the industrial sector is natural gas is because the price in the United 
Graph 3 Industrial Consumption of Natural Gas 2012-2013 [11] 
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States is beneficially low, increasing the industrial sector’s competitiveness around the world. 
[11][12]  
Oil & Petroleum 
Oil production in the United States started to increase in 2008, after falling for over 35 years 
since 1970. In 2008, oil production increased from 5 million barrels per day (b/d) to 8.3 b/d. 
This increase occurred mainly due to the growth of technological innovations, which placed the 
United States, unexpectedly, as the leader in oil production. On the other hand, the 
consumption of petroleum has declined, which is contrary to what was predicted.  
Graph 4 Henry Hub Natural Gas Spot Price [12] 
Graph 5a Petroleum Consumption Decomposition by Sector [13] Graph 5b Petroleum Consumption Percentage by Sector [13] 
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In 2004, when the overall consumption of petroleum started to fall, the industrial sector’s 
consumption was about 5.3 million b/d. In 2014, this consumption had declined to 4.5 million 
b/d, according to the EIA. Between 1996 and 2012, the net imports of petroleum were higher 
than the total field production of petroleum in the United States. The petroleum consumption 
in 2015 was projected to be 47 percent higher than the consumption in 2003. However, the 
consumption of petroleum in 2015 actually ended up being lower than that of 2003, which 
resulted in a denominated energy surprise in the United States. It is fairly easy to make the 
assumption that a reduction in oil prices in the United States would help cut expenses in 
national industries, increasing their profit. However, that is not the case. The industrial sector is 
not the biggest consumer of petroleum in the United States, and it does not represent a very 
large percentage of the surprise in 2014, nor is it expected to represent a large percentage in 
2025. Graph 5a represents the difference of consumption projected in 2003 and the new 
projection realized in 2015. As it is possible to see, petroleum consumption by the industrial 
sector was never predicted to increase dramatically. In addition, graph 5b demonstrates that 
the industrial sector represented only 21 percent of the surprise in 2014, and that it is projected 
to reduce the amount of its influence to the surprise in 2025 to only 12 percent. This is a clear 
example and explanation that the industrial sector’s consumption of petroleum was not 
expected to have a major increment in the upcoming decade. Moreover, petroleum 
consumption decrease has had a beneficial impact on the United States. “The drop in 
consumption relative to expectations has helped reduce U.S. net imports of petroleum by 
nearly half, reducing the dependence on foreign oil and our macroeconomic vulnerability to 
rises and falls in the world price of oil.”[14] To conclude, it is very important to say that, indeed, 
lower prices of gas and a low consumption of petroleum helped the economy to improve, but 
did not have a direct major impact on the industrial sector in the United States. [9][13]  
Coal 
Coal, during the 1950s, used to be the most important source of energy for the industrial 
sector. This sector consumed 45.5 percent of the total coal production. That is not the case 
today, though. By the end of that decade, petroleum and natural gas became much more 
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important sources of energy for the industrial sector. Although the overall consumption of coal 
started to increase in the 1960s, and reached a peak in 2011, the percentage consumed by the 
industrial sector started decreasing drastically at the same time. Graph 6 shows the amount of 
coal consumed by the industrial sector until 2013. In 2007, coal became the less used source of 
energy by the industrial sector. In 2013, although the total production of coal is larger than it 
was in 1950, the industrial sector consumed only 7% of it for energy purposes, while the electric 
production sector consumed 92.8% of the total amount of coal in order to produce electricity. It 
is important to know that, in this case, 10.5% of the total energy consumed by the industrial 
sector came from electricity retail sales to the sector in 2014. In summary, coal has become a 
less important source of energy for the industrial sector, and today, it represents no more than 
5% of the total energy consumed by the industrial sector.  
 
Renewable & Alternative  
Contrary to coal, the use of renewable and alternative sources of energy by the industrial sector 
has been increasing very slowly over the years, and they are no longer the least-used sources of 
energy. In 2006, the industrial sector’s consumption of energy from renewable and alternative 
sources was greater than the consumption of energy produced by coal, and it has been 
gradually increasing ever since. Even though renewable and alternative sources of energy do 
not have a major impact regarding the industrial sector’s consumption, it is important to 
Graph 6 Coal Consumed Yearly by the Industrial Sector [16] 
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include a brief analysis of this information, since the overall consumption of renewable and 
alternative energy is becoming very popular due to the environmental benefits. More than 50% 
of the total generation of renewable energy is used to provide electric power. In addition, for 
the industrial sector, renewable energy represents only 10% of its total consumption, but about 
24% of the total renewable and alternative energy generated is used to supply the industrial 
sector. Table 2 shows the increase in overall consumption of renewable and alternative energy 
from 2013 to 2015. Although the production and consumption of energy through a clean, 
renewable, and alternative method is gradually increasing, it can have a major impact on the 
industrial energy consumption in the future, in addition to the impact it is already having on the 
environment. [18] 
 
 
 
 
Table 2 U.S Renewable Consumption [17] 
 E = estimated; P = Predicted 
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Benchmarking Tools 
In 2012, the industrial sector consumed 22% of the power in the United States. 39% of this 
consumption was energy generated with petroleum, and 43% with natural gas. In addition, a 
small percentage of 7% and 11% came from coal production and renewable energy production, 
respectively. According to the EIA, in 2013, the natural gas consumption increased by 3%. The 
reason for this is the large cost advantage of natural gas in the United States, relative to those 
in Japan and Europe. In 2011, most of the facilities with the ability to switch from oil to natural 
gas as a fuel or feedstock made this change, allowing them to capture a larger share of global 
markets. As previously mentioned, benchmarking is required by industrial and commercial 
companies to minimize their energy consumption, which, in turn, allows them to maximize 
earnings. Energy consumption can be a key factor when competing with other similar facilities. 
This thesis is focused on analyzing different benchmarking tools and techniques used by 
companies, both commercial and industrial, to benchmark their energy performance. An 
analysis of each of these tools will be performed individually and then compared. [3] 
Industrial Assessment Centers 
The Department of Energy (DOE) of the United States has created the Industrial Assessment 
Centers (IACs) located at twenty-four universities around the country. Their mission is to 
conduct energy audits for certain companies in order to improve their productivity, reduce 
waste, and save energy. In my opinion, they are a great advantage for these companies, since 
the IACs can provide a better service to their facilities, improving the energy efficiency of each 
company. In general, the work of the IACs consists of a very in-depth evaluation of the facility 
for which a service will be provided. For example, in the case of the Energy Solutions (ES) at 
North Caroline State University, a team consisting of engineering faculty and students (upper-
level undergraduates and graduates) start with a pre-assessment analysis, which provides them 
with some background data on equipment types, utility bills, and usage patterns, prior to 
scheduling an assessment date. If the requirements are met, the team conducts a visit to the 
facility to take engineering measurements (energy, material waste, and productivity-related 
measurements) using diagnostic equipment. They also study the manufacturing process in 
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order to start the detailed analysis. Based on the results, the team creates a plan with 
estimated costs, performance, and payback time for the company, and within sixty days, the 
company receives a confidential report detailing the work done and any recommendations for 
improvement. In six to twelve months, the manager of the facility and the IACs’ team 
determine which recommendations will be implemented. In the case of ES, after twelve 
months, the team will contact the manager to check which recommended measurers have 
been or will be implemented.[4] [6]  
 
Facilities that qualify to work with IACs have to be within the Standard Industrial Classification 
(SIC) 20XX-39XX, or within the North American Industrial Classification System (NAICS)    
311XXX-339XXX. In addition, the facility has to be located less than 150 miles from the 
Table 3 Example of an assessment on database. [5] 
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university and it has to have fewer than five hundred employees at the plant site. Monetarily, 
the gross annual sales have to be below $100 million, and the plant has to have energy bills 
higher than $100,000, but lower than $2.5 million. There is an online database with information 
about the different plants that have used the IACs to improve their energy efficiency. The 
database provides information regarding recommendations made to different plants around 
the United States, as well as different case studies. Table 3 represents an example of an 
assessment performed on a heavy-duty manufacturing plant.  
IAC example case study 
Lockheed Martin’s Meridian plant solicited an audit to the Mississippi’s State University IAC in 
2002. The plant produced sales of $6 million, and due to their significant energy consumption, 
they have an approximate $158K budget for energy per year. The assessment was led by Center 
Director, Dr. B. K. Hodge, and Former Assistant Director, Dr. Richard Forbes, both professors in 
the Department of Mechanical Engineering at Mississippi State University. According to the 
case study, 38% of the consumption comprises heating, 16% motors, 14% compressed air, 21% 
lighting, and 11% HVAC miscellaneous systems. Since compressed air is expensive due to the 
amount of energy it needs to operate, the IAC team decided to focus on this area.  
The first recommendation was to implement an “aggressive program to locate and fix the 
compressed air leaks,” since it was found that a significant amount of air was being lost due to 
small leaks. The solution was implemented, resulting in an annual cost savings of $900. The 
second recommendation emerged from an observation of an unusual cost on maintenance of 
Table 4 Opportunities at Lockheed Martin’s Meridian Facility. [7] 
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the facility’s air compressor. The suggestion was to purchase a new 200 hp air compressor to be 
used as the primary compressor, and to keep an old one to be used as a backup. The 
maintenance cost was reduced from $30K to only $1000 per year. The initial cost of 
implementing both recommendations was almost $80K, but with a short payback period of only 
2.7 years, as it is possible to appreciate on Table 4. [7] 
ENERGY STAR’s Energy Performance Indicators (EPIs) 
ENERGY STAR is a voluntary program created by the U.S. Environmental Protection Agency 
(EPA) to help individuals, businesses, and industries improve their energy efficiency in order to 
minimize pollution and increase their monetary savings. “ENERGY STAR offers energy tracking 
and benchmarking tools to help manufacturers assess their energy performance, establish 
baselines, and set performance improvement goals.”[4] The price of these types of softwares 
and systems sometimes limits small companies from acquiring them. For that reason, ENERGY 
STAR has the Energy Tracking Tool -- the simplest tool they offer for free -- that allows users to 
track energy data for specific facilities and for the entire organization, reporting out custom 
energy intensity metrics, such as MMBtu/unit of production. For bigger industries, ENERGY 
STAR offers a database that allows the industries to obtain Energy Performance Indicators in 
order to compare their performance to similar facilities. The following EPIs are currently 
available on the ENERGY STAR’s website, and it is possible to download each of them 
individually:  
 Automobile Assembly EPI 
 Cement Manufacturing EPI 
 Container Glass Manufacturing Plants EPI 
 Cookie and Cracker Plants EPI 
 Flat Glass Manufacturing Plants EPI 
 Frozen Fried Potato Processing Plants EPI 
 Integrated Paper and Paperboard Manufacturing Plant EPI 
 Juice Processing Plants EPI 
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 Pharmaceutical Manufacturing EPI 
 Pulp Mill EPI 
 Wet Corn Milling EPI 
Since it is very easy to compare the energy performance of different facilities with this tool, 
ENERGY STAR scores the performance of U.S. buildings and facilities on a scale of 1 to 100. If 
the facility receives a score of 75 or higher, then it is eligible to apply for ENERGY STAR 
certification. [19] 
Pulp Mill Plants 
The concept used for the EPIs can be described in terms of a standard linear regression model, 
with a simple linear equation that can be written as 
𝐸𝑖 =  𝛼 +  𝛽 𝑦𝑖      (1) 
where E is the energy use of plant i, and y is the production of plant i. The parameters α and β 
can be obtained from given data on energy use and production. This equation was later 
modified, taking into account random errors and the addition of important variables. The 
evolution of the equation throughout the years was based on comments from industry 
reviewers and further analyses. This evolution led to the final version of the EPI equation for 
pulp mill plants that is 
ln(𝑒𝑛𝑒𝑟𝑔𝑦) =   𝐴 +  𝛽1 ln(𝑝𝑟𝑜𝑑𝑢𝑡𝑖𝑜𝑛) +  𝛽2𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟 𝑎𝑠 𝑟𝑜𝑢𝑛𝑑 𝑤𝑜𝑜𝑑
+ 𝛽3𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑠 𝑠𝑝𝑒𝑐𝑖𝑎𝑙 𝐴𝑙𝑝ℎ𝑎
+ 𝛽4𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑠𝑈𝑛𝑏𝑙𝑒𝑎𝑐ℎ𝑒𝑑 𝑆𝑢𝑙𝑓𝑎𝑡𝑒
+  𝜀                                                                                                                                       (2) 
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where “Energy = total source energy (MMBTU); Production = production of pulp (short tons); 
Share of fiber as round wood= Ratio of round wood (whole tree) as a percentage of total fiber 
input; Share of production: Special Alpha= Ratio of Special Alpha as a share of production; 
Share of production: Sulfate, unbleached = Ratio of unbleached Sulfate as a share of 
production. The variable ε is distributed as N(0, σ2) and β is a vector of parameters to be 
estimated.” Table 5 shows the estimated parameters for the model obtained from a sample 
size of twenty-eight plants. [20]  
 
Pulp Mill Example 
In the case of the Pulp Mill factory, the company needs quite a bit of information to complete 
the analysis. This information includes the total amount of energy consumed, the total 
production during that specific year, the percentage of the production mix, and, finally, 
whether or not the plant includes a water treatment onsite. Based on this information, the EPI 
can be performed. Figure 1 shows the hypothetical data from factory “TEST1” and factory 
“TEST2” used to complete the table. Figure 2 presents the results of the performance of TEST1 
and TEST2. The plots in the results are telling that plant TEST1 in year 2011 was doing better 
than 76% of other similar plants, and that plant TEST2 in 2010 was performing better than 59% 
of similar plants in 2011. 
Table 5 Pulp Mill Model Estimates [20] 
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Figure 1 Input Data of Hipotetical Pulp Mill Plants [21] 
Figure 2 Results for Hypothetical Performance of two Plants [21]  
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The following step it to use the results obtained in a productive and effective manner. As 
previously mentioned, the scale that the ENERGY STAR tool uses has a range of 1 to 100. In the 
case of the example used, in year 2011, plant TEST1 scored a 76%. For that reason, TEST1 is a 
plant that is eligible to be rewarded, and one from which other similar plants should learn. 
Figure 3 reflects the strategy a specific plant should perform depending on the score obtained 
in their EPI.  
 
ENERGY STAR not only provides the tools to measure the energy performance of different types 
of plants, but, after the performance has been calculated, may also provide services and advice 
to build an energy management program. This is a five-step process that consists of identifying 
the type company/plant you have, and building a successful energy team that will take care of 
the process. All employees need to be aware and involved in the program for it to succeed. The 
final step is to “advance your energy program.” [23] 
ENERGY STAR has proven to be the most efficient and easy way to obtain energy performance 
indicators for organizations and plants. The benchmarking tools ENERGY STAR provides to 
obtain information about the energy standing of an industrial plant gives accurate information 
in order to be able to create a well-designed energy plan and program. The next step for the 
company/plant is to implement the plan, and to make sure it is being carried out appropriately, 
or, in other words, managed the right way. 
 
Figure 3 Energy Star Scores Scales/Strategy [22] 
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DOE Energy Performance Indicators (EnPIs) 
The DOE has their own downloadable version of EnPis called EnPIs-v4.0. The U.S. Department 
of Energy updated their version in October of 2014 for the last time. The software works similar 
to the ENERGY STAR one, and it is used in Excel, as well. The difference with the EnPI-v4.0 is 
that the file is an add-in that has to be installed in the user’s computer. The add-in works as a 
“regression analysis tool to help plants and corporate managers establish a normalized baseline 
of energy consumption, track annual progress of intensity improvements, energy savings, 
Superior Energy Performance (SEP) EnIPs, and other EnPIs that account for variation due to 
weather, production, and other variables." [34]  
Although both softwares work based on a regression analysis of data, the DOE EnPI-v4.0’s 
algorithm is completely different. The DOE EnPI-v4.0’s add-in uses the equations listed below to 
predict the energy consumption based on the independent variables entered by the user.  
 
“For the EnPI tool, the dependent variable is the energy consumption by the facility. The 
independent variables can be production, cooling degree days (CDD), heating degree days 
(HDD), etc. If the user selects more than one independent variable, a multivariable linear 
regression equation is needed to predict the dependent variable or energy consumption at the 
Table 6 DOE EnIP-v4.0 Equation Symbols and Definitions [36] 
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facility” with an equation to predict the dependent variable based on all the independent 
variables. [36] The general equation for a multivariable model is 
𝑦 =  𝑏0 +  𝑏1𝑥1 + 𝑏2𝑥2 + ⋯ 𝑏𝑝𝑥𝑝     (3) 
Then, the residual, also known as the “error of deviation,” is calculated, obtaining the 
difference between the predicted and the measured dependent variables. The error sum of 
squares (SSE) is calculated in order to minimize the error sum of squares. Microsoft Excel 
calculates the SSE for each combination of coefficients and determines the combination of 
coefficients that minimize the SSE. The coefficients that result in the lowest error sum of 
squares are entered into the regression model to produce an equation that can be used to 
estimate the dependent variable, given the independent variable(s).”[36] 
The coefficient of determination (R^2) measures how well future outcomes are likely to be 
predicted by the model. A regression model is a good fit for the data if the R^2 value is close to 
1. In order to calculate the R^2 value, the regression sum of squares (SSR) and the total sum of 
squares (SST) that need to be found first. The regression sum of squares is defined as 
𝑆𝑆𝑅 = ∑ (𝑦𝑗 − 𝑦 ∗𝑎𝑣𝑔)
2𝑛
𝑗       (4) 
and the total sum of squares is calculated using the following equation: 
𝑆𝑆𝑇 =  ∑ (𝑦 ∗𝑗
𝑛
𝑗 −  𝑦 ∗𝑎𝑣𝑔)
2, 𝑤ℎ𝑒𝑟𝑒 𝑦 ∗𝑎𝑣𝑔= (∑ 𝑦 ∗𝑗)/𝑛
𝑛
𝑗    (5) 
The total sum of squares is the sum of both the SSE and SSR. 
With the results from the previous calculations, the coefficient of determination can be defined 
as 
𝑅2 =  
𝑆𝑆𝑅
𝑆𝑆𝑇
= 1 −  
𝑆𝑆𝐸
𝑆𝑆𝑇
      (6) 
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Figure 4 shows the top Excel toolbar that is installed with the software’s add-in. If the user 
decides to use the DOE EnPI-v4.0, the spreadsheet has to be created from scratch. Due to the 
fact that the spreadsheets are not already created, the task of obtaining energy performance 
indicators is more difficult. For this reason, the U.S. Department of Energy provides users with 
an “En.IP V4.0 User Manual” [35] that can be found online and downloaded as a PDF file. 
Additionally, there is an online video that demonstrates how to use EnPI-v3.0, but it has not yet 
been updated. 
 
 
 
 
 
 
 
 
 
Figure 4 DOE EnPI-v4.0 add in Toolbar [34} 
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Industrial Energy Analysis and Management 
After analyzing their performance, facilities are required to start improving their energy 
performance and consumption. There is different tools available that provide the assistance for 
facilities to implement Energy Management Systems (EnMS) and plans/programs in order to 
achieve an efficient level of energy consumption. These tools are focus on providing the 
information on how to systematically continue developing the industrial energy consumption.   
ENERGY STAR’s Management method/tools 
Benchmarking and the tools provided by ENERGY STAR can result in very precise information 
about a plant’s energy performance. ENERGY STAR is not only the best tool to perform 
benchmarking, but also a very valuable tool to create and start an energy management 
program for any plant. The initial tool provided by ENERGY STAR is the Guideline for Energy 
Management, which can be found as a full PDF file with the complete process of management. 
Their strategy of creating a successful energy management program is focused on continuous 
improvements of energy performance. The ENERGY STAR process consists of seven steps. 
The first step is to make a commitment to continuous improvement. “No matter the size or 
type of organization, the common element of successful energy management is commitment. 
Organizations make a commitment to allocate staff and funding to achieve continuous 
improvement.” [24] The second step is to assess the performance of the plant/building in order 
to set a baseline. The EPIs provided by ENERGY STAR are a great tool to perform this 
assessment. With that information and a baseline set, it is possible to proceed to step three and 
set goals. “Setting clear and measurable goals is critical for understanding intended results, 
developing effective strategies, and reaping financial gains.” [24] Step four is to create an action 
plan on how to meet the goals previously set. This plan can be modified overtime. The fifth step 
consists of implementing the action plan this way: 1) Creating a communication plan. 2) Raising 
awareness of goal among all the organization. 3) Build capacity through training and access to 
information and technology. 4) Motivation to achieve the goals among the stuff.  5) Track and 
control the progress in the company monthly. The sixth step in the management process is to 
evaluate the progress measuring the results obtained to compare them to the established 
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goals. It also includes analyzing what worked and what did not, in order to make changes to the 
action plan. The seventh and final step is to provide recognition to anyone involved in the 
improvement of energy performance. This is substantial to increase motivation inside the 
organization. [24]  
ENERGY STAR provides a free excel spreadsheet with a Facility Energy Management Assessment 
Matrix, which “outlines the key activities identified in the ENERGY STAR Guidelines for Energy 
Management and three levels of implementation: little or no evidence, some elements, and 
fully implemented.” [26] The tool basically allows the comparison of an organization’s program 
to the Guidelines by identifying the degree of implementation that most closely matches the 
facility's adoption of the corporate program. Figure 5 illustrates part of the spreadsheet.  
Figure 5 Part of the ENERGY STAR Facility Assessment Matrix [26] 
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The “Next Step” column can be used to improve the management in the facility, or simply to 
make sure the process will be done similarly due to good performance and improvements. 
Using the results obtained, ENERGY STAR suggests further actions in order to restart the seven-
step cycle to modify what needs to be changed, and to keep what was working correctly 
moving. With this tool, ENERGY STAR has provided facilities the ability to keep improving their 
energy performance year by year. 
Additionally, ENERGY STAR provides another complete Assessment Matrix called the Energy 
Tracking Tool (ETT). This extremely complex tool allows users to track energy use, energy 
intensity, energy cost, greenhouse gas emissions, and progress toward goals on a monthly or 
annual basis for the organization and facility [26][27][28] 
DOE Management tools 
The Department of Energy also provides tools to organizations to improve their energy 
consumption and management. The eGuide is an online tool that is especially useful for 
companies who are looking to improve energy management, in that it starts with the beginning 
steps at the bottom, and then works its way up to the top, where the final steps are located.  
Figure 6 Strategic Energy Management Checklist [32] 
Maldonado 25 
 
 
Figure 6 shows a simplified eGuide’s Strategic Energy Management Checklist, and the levels on 
which a company will be positioned after meeting the requirements on the checklist. A 
complete checklist for each level can be found on their website.  
Level 1, the Foundation Energy Management, is designed to help any organization from any 
sector implement a basic energy management program. This is the perfect starting point for 
any company. Level 2 is the ISO 50001. It helps an organization implement an energy 
management system (EnMS) that conforms to the ISO 50001-2011 standard. Finally, the highest 
level of EnMS is the Superior Energy Performance (SEP). To reach this level, an organization has 
to build upon ISO 50001 by achieving additional requirements. The eGuide provides an online 
procedural list of instructions and requirements written step-by-step, and can lead any 
organization to improving their EnMs. [31] 
 
ISO 50001 Standard & Superior Energy Performance SEP 
Although ENERGY STAR and ISO 50001 (International Organization for Standardization) are 
voluntary tools that manufacturers can use to improve they energy efficiency and management 
programs, their certifications do not mean the same. “The purpose of this International 
Standard is to enable organizations to establish the systems and processes necessary to 
improve energy performance, including energy efficiency, use and consumption. 
Implementation of this International Standard is intended to lead to reductions in greenhouse 
gas emissions and other related environmental impacts and energy cost through systematic 
management of energy. This International Standard is applicable to all types and sizes of 
organizations, irrespective of geographical, cultural or social conditions.”[30] As recommended 
by the EPA, organizations looking to obtain certification of an energy management system to 
ISO 50001 should first meet all aspects of the ENERGY STAR guidelines for energy management. 
The reason is because, in contrast to ENERGY STAR’s certification that says an organization’s 
energy performance is high compared to other organizations in the same industry, ISO 50001 
certifies that a facility or organization meets the defined energy management requirements. In 
other words, ISO 50001 certifies the energy management system of an organization. [29] 
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ISO’s technique to improve energy is based on the Plan-Do-Check-Act (PDCA), which 
incorporates energy management into an organization’s everyday practice. The “Plan” part 
consists of conducting an energy assessment and establishing a baseline, the energy 
performance indicators, the objectives, and the targets and action plans to deliver results that 
will improve the energy performance. The “Do” part is only to implement the energy 
management action plans. For the “Check” part, one must monitor and measure processes and 
the key characteristics of operations that determine energy performance against the energy 
policy and objectives, and report the results. Finally, the “Act” part accounts for taking action to 
continually keep improving the energy performance, as well as the Energy Management system 
(EnMS).[30][31] 
Similarly to ISO 50001, “Superior Energy Performance is a certification program that verifies 
improvements in energy management and performance in industrial facilities.” [29] To obtain 
the SEP certification, organizations are required to use ISO 50001 energy management 
standards, as well as the American National Standard, ANSI/MMSE 5021. SEP is considered the 
highest energy management certification. As it is possible to see in Figure 5 (page 21), the 
requirements to achieve a Superior Energy Performance include all the requirements to be 
certified with ENERGY STAR and ISO 50001.  
Figure7 Plan-Do-Check-Act Method [31] 
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Graph 7 Average Quarterly Energy Savings Percentage [37] 
SEP is important for any plant and organization due to the fact that it uses the ISO 50001 
energy management system, “which helps an organization institutionalize the policies, 
procedures, and tools to systematically track, analyze, and continually improve energy 
performance, including energy efficiency, use, and consumption.”[29] In the United States, nine 
plants with a SEP certification have achieved $87,000 to $984,000 in annual savings from 
energy consumption. As an example of the effectiveness of being a SEP certified facility, the 
first industrial facilities to obtain SEP certification improved their energy performance from 6% 
to more than 25% in only three years. Graph 7 represents the energy savings percentage for 
nine companies implementing the SEP program. It is possible to see that prior to the first SEP 
training, energy performance improved by an average of 3.6% against the baseline during each 
quarter. The energy savings percentage increases to 7.4% for the year during quarters +Q1 to 
+Q4 and 13.7% during quarters +Q5 to +Q6. The reason there is a clear increase in savings 
between the first and the second year after the first SEP training is because the first year 
dedicated to implementing a well-designed EnMS. These levels of energy savings are expected 
after the implementation of the ISO 50001 EnMS. [37]  
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There is a price in the process of implementing the required steps to achieve a SEP certification. 
According to the “Assessing the Costs and Benefits of the Superior Energy Performance 
Program” [37] paper, the average cost of implementation for nine facilities was $319,000. The 
cost is higher for bigger facilities, while the cost reduces for smaller ones. This average cost 
includes the implementation of the ISO 50001 EnMS. Graph 8 is the representation of the 
breakdown of the costs of implementation of the programs. As seen, the largest portion of the 
costs represents the costs inside the facility. “Average staff time was 1.7 FTE and ranged from 
1.1 FTE to 3.5 FTE or an average internal cost of $214,000 with a range of $141,000 to $432,000 
over 1.1 years.”[37] This range of internal costs is based on the nine companies that had been 
analyzed. 
 
The payback period for the nine facilities analyzed indicated that those facilities with 
consumption greater than 0.27 TBtu of energy should not surpass two years. On the other 
hand, if their consumption is lower, then the payback period can increase for up to eight years, 
which is the case for one of the facilities whose consumption was about 0.125 TBtu. Depending 
on their consumption per year, and the payback period each facility achieved, they attained a 
Gold or Platinum level of certification. [37] 
 
Graph 8 ISO 50001 & SEP Program Implementation Participation Costs [37] 
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Conclusion 
Industrial energy consumption has been increasing throughout the years. Energy consumption 
signifies major expenses for manufacturing facilities and a variety of different organizations.  In 
order to minimize their energy consumption and expenses due to energy, and maximize 
production and profit, the industrial sector had to start controlling and improving their use and 
management of energy. Industries and the way they control their energy consumption is called 
benchmarking, and benchmarking has been helping all types of industries to reduce energy 
consumption. The first method or option companies have to improve their energy consumption 
is the Industrial Assessment Centers, located at twenty-four different universities in the United 
States. These assessment centers are in charge of completing a full analysis of the hiring 
facility’s energy consumption, and must analyze each form in which energy could possibly be 
being wasted or not used appropriately. After completing the analysis on the plant, the 
assessment center’s group has to develop a plan and strategies focused to minimize the plant’s 
consumption. This plan is sent to the plant, and it is the company’s decision whether or not to 
implement the full plan, part of it, or none of it. If the full plan or part of it is implemented, the 
assessment center group keeps track of the consumption to see if the consumption was 
reduced after a certain period of time.  
A second option to minimize energy consumption is to implement the program created by 
ENERGY STAR. ENERGY STAR was created by the Environmental Protection Agency with a focus 
on energy consumption and its environmental impact. ENERGY STAR provides a tool which 
helps industries measure their consumption of energy and compare their standing to facilities 
in the same type of industry, based on their annual production and energy consumption. These 
results, known as Energy Performance Indicators, helped facilities to improve their energy 
efficiency and consumption. ENERGY STAR certifies facilities that rank over the 75% in their 
type of industry. 
A similar tool to control a facility’s energy consumption was created by the Department of 
Energy. This software allows facilities to create a database with their consumption and 
production, which allows them to obtain Energy Performance Indicators similar to the ones 
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obtained with the ENERGY STAR tool. The main difference between these two benchmarking 
tools it that the ENERGY STAR one can only be used by certain types of industries, while the tool 
created by the U.S. DOE can be used by any facility, organization, or company. 
Energy Performance Indicators are useless if facilities and organizations do not have an 
appropriate energy management system (EnMS). Management systems are different methods 
organizations can use to keep track of their improvement in energy consumption, compared to 
a baseline defined after their first assessment. ENERGY STAR offers a simple way to keep track 
of a good energy management with a list of procedures that the organization or facility needs 
to follow. More advanced and complex strategies of energy management are the ISO 50001 
and the Superior Energy performance programs. These two require the companies to pay for 
the program, and implement it in order to start the process to first become a certified by ISO 
500001, and later, once higher-level goals are achieved, by SEP. These programs have shown 
the importance of having a well-designed energy program, and the benefits of them.  
Benchmarking and the implementation of energy management systems have statistically 
demonstrated the reduction of energy consumption in the industrial sector. The variety of tools 
and programs presented in this paper are a proof that energy efficiency can be achieved by any 
organization and facility in the industrial sector. Energy consumption will keep increasing in the 
future, while the industrial sector keeps expanding, but energy benchmarking and energy 
management will allow the United States’ industry sector to maximize energy efficiency and 
minimize environmental impact, thanks to the availability of benchmarking tools 
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Acronyms 
 
Bcf/d – Billion cubic feet per day 
Btu – British Thermal Unit 
BUA – Business As Usual 
DOE – Department of Energy 
EIA – U.S. Energy Information Administration 
EPA – Environmental Protection Agency 
EPIs or EnPIs – Energy Performance Indicators 
EnMS – Energy Management System 
ES – Energy Solutions at North Carolina State University 
ETT – Energy Tracking Tool 
FTE – Hours worked by one employee on a full-time basis 
IACs – Industrial Assessment Centers 
ISO – International Organization for Standardization 
PDCA – Plan-Do-Check-Act 
SEP – Superior Energy Performance 
SIC – Standard Industrial Classification 
TBtu – tera British Thermal Unit (x10^12) 
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